China is the largest non-metallic mineral producer in the world and one of the key consumers of four major non-metallic mineral products, including cement, refractories, plate glass and ceramics. The non-metallic mineral products industry's rapid growth has brought about a large demand for energy. The present study provides an overview of China's non-metallic mineral products industry in terms of production, energy consumption and carbon dioxide emissions. In this industry, the energy efficiency is relatively low and the level of carbon dioxide emission is much higher than developed countries' average. This study interprets the effects of some newly issued policies and analyses the influential factors in achieving energy conservation and emission reduction goals. It also discusses the prospects for saving energy and emission reduction in the industry. Retrofitting facilities and using new production technologies is imperative. Additionally, implementing market-based policies, promoting industrial transformation and effective international cooperation would help decrease carbon dioxide emissions and energy consumption.
Introduction
The non-metallic mineral products industry (NMMPI) is a key industry in China. China is the largest non-metallic mineral producer and one of the major consumers of non-metallic mineral products. The products of the NMMPI mainly cover cement, refractories, plate glass and ceramics, which are the principle building materials for the construction industry. Due to the importance of the NMMPI, the status of the NMMPI can partially reflect the general economic trend. In 2012, the NMMPI received a sales revenue of 30,629.76 billion RMB (4980.12 billion U.S. Dollars) with a year-on-year increase of 11.63% and a total profit of 188.83 billion RMB (30.7 billion U.S. Dollars) [1] .
Over the last decade, the expansion of China's economy was particularly remarkable, at an average annual growth rate of more than 9%. China's NMMPI has also experienced rapid development. In 2010, the NMMPI contributed four trillion RMB (0.65 trillion U.S. Dollars) to the Chinese economy, accounting for 10% of the gross domestic product (GDP) [2] . In the last five years, the average annual output of cement, refractories, plate glass and ceramics was 1.68 billion metric tons, 0.35 million metric tons, 32 million metric tons and 20 billion pieces, respectively. Recently, China has planned to invest over 40 trillion RMB (6.5 trillion U.S. Dollars) in urbanization by 2020 [3] . As a result, the production of building materials will be required to meet the need of urban construction, which would boost the NMMPI further. Taking the cement industry as an example, high demand for building materials has driven cement output to soar to record levels. From 1994 to 2010, the output of cement increased eight-fold [4, 5] . At present, China produces nearly 60% of the world's cement [6] .
China's NMMPI is a typical energy-intensive industry [7] . The rapid development of NMMPI has resulted in huge energy consumption. From 1994 to 2010, energy consumption in the NMMPI increased from 125 million metric tons of coal equivalent (mtce) to 277 million mtce. Particularly, the energy consumption of the cement sector increased from 45 million mtce to 167 million mtce, with an average annual growth rate of 8%. The cement sector has become one of the largest energy-consuming sectors, as well as a rapidly growing energy-consuming sector [4] . Cement production in China also emits more carbon dioxide (CO2) than any other industrial processes, accounting for nearly 4% of global carbon emissions [4, 6] .
China's industry consumes most of this country's coal and electricity. Electricity is produced mainly by fossil fuel-fired power plants. The high rate of fossil fuel usage results in an enormous amount of CO2 emissions. With the rapid growth of energy consumption in the NMMPI, CO2 emissions have increased tremendously. Over 6.7 billion metric tons of CO2 were emitted directly from the NMMPI in 2010; 116% more than in 1994. The NMMPI is not only a direct source of CO2 emissions, but also one of the largest indirect sources. The indirect emissions of CO2 refer to emissions during the generation of electricity [8] . Besides CO2, in 2010, the volume of industrial waste gas emitted from the NMMPI accounted for 16.8% of China's total emissions. The volume of soot emitted from this sector was 1.07 million metric tons, which was 12.9% of the nation's total emissions (8.29 million metric tons) [9, 10] .
The rapid growth of high energy-consuming sectors brought about increases in total energy consumption in China's industry. Since 1996, China's industrial energy consumption has accounted for over 70% of total energy consumption [1, 2, 9] . For developed countries, the proportion is about 30%, on average [11] . China's high industrial energy consumption makes the energy-intensive industries, such as the NMMPI, face severe constraints for energy and increases the difficulty of CO2 emissions reduction [12] . In particular, since 2002, China's energy-intensive industries have experienced explosive development, as a result of overinvestment in most industries [13] . Therefore, the authorities started to put special emphasis on energy consumption and greenhouse gas emissions [14] .
In 2012, the Chinese government released the Greenhouse Emission Control Plan, which established national targets for reducing energy consumption and carbon emissions between 2011 and 2015. The NMMPI association also developed corresponding targets. All of these targets have catalysed the moderate development of the NMMPI in China. However, how to reach these goals with limited funds and outdated facilities has become a crucial issue in the NMMPI.
This article investigates the development of NMMPI in China for the past 10-20 years. After analysing the situation of energy consumption and CO2 emissions in the NMMPI, it discusses the influential factors in achieving energy conservation and emission reduction goals. This study interprets the effects of some newly issued policies on the NMMPI's energy-efficiency improvement and emissions reduction. It also discusses the prospects for realizing NMMPI's sustainability. Finally, this study makes a few recommendations.
Non-Metallic Mineral Products Industry in China

Main Products of China's Non-Metallic Mineral Products Industry
Since China's large-scale construction in the 1990s, NMMPI enterprises have experienced rapid development, and there has been an enormous growth in non-metallic mineral production. This growth has been fuelled by strengthening of the manufacturing industries and has been accompanied by accelerated urbanization. In accordance with Chinese "national industry classification" (GB/T4754-2011), the main products of the Chinese non-metallic mineral products industry include cement, refractories, plate glass and ceramics [15] . 
Geographic Distribution of Production
In China, the NMMPI is highly concentrated in a few areas and dominated by large-scale enterprises. As can be seen from Table 1 , the output of China's major cement enterprises accounted for almost 40% of the country's total output. Table 2 shows China's main plate glass enterprises and their output in 2011. These large cement and glass enterprises with related services sectors, research institutes and organizations are mostly located in the coastal provinces, the developed areas along the Yangtze River and central China. Over 70% of plate glass and cement is also produced in these areas. 
Energy Usage in the Non-Metallic Mineral Products Industry
Energy Demand and Consumption
The NMMPI's rapid growth and the expansion of enterprises' scales have led to a large demand for energy. In terms of the cement sector, its energy demand remained at a high level from 2003 to 2011 [4, 15] . The energy demand mainly depends on the technical nature of kilns. The energy demanded for producing one metric ton of cement is 110 kilograms of coal equivalent (kgce), 130 kgce and 200 kgce for new-style drying kilns, shafting kilns and humidifying kilns, respectively [18] . Given that the proliferation of new-style kilns and technologies is a long process, the amount of energy consumption would maintain a steady growth during the process [20] .
For energy use in the ceramic sectors in China, producing one metric ton of porcelain, is 1.2 metric ton of coal equivalent, which is twice as high as the international average energy demand. Compared to developed states, like Japan and Germany, which make use of the most modern technologies, China lags behind in developing and using advanced porcelain production technologies. The main reason for higher energy demand is that many enterprises still use outdated manufacturing facilities. For example, in China, eight key porcelain producers still have 126 old-style vertical down-draught kilns in service, which account for half of all firing kilns in China. Their coal demand is 30%-40% higher than tunnel kilns [21] .
Between 1994 and 2011, with the development of the NMMPI, the energy consumption and CO2 emissions in China rose dramatically (see Figure 2 ). These 18 years can be roughly divided into two phases. In the first phase (1994-2000), the energy consumption and CO2 emissions presented a slight decrease. The average annual energy consumption and CO2 emissions during this period were about 120 million mtce and over 100 million metric tons, respectively. In the second phase (2001-2011), the energy consumption and CO2 emissions of China's NMMPI grew remarkably, with an average annual energy consumption of 190 million mtce; a 58.3% rise compared to the first phase. 
Energy Consumption Mix and Energy Intensity
Non-Metallic Mineral Products Industry's Energy Consumption Mix
Over the period of 1994-2010, the energy consumption mix in the NMMPI did not change much, and fossil fuel was the main source of energy. Figure 3 displays the fossil fuel consumption in the NMMPI from 1994 to 2010. As shown in the figure, coal is still the primary energy source and is dominant in the NMMPI's energy scheme. Figure 4 illustrates the energy consumption mix of manufacturing non-metallic mineral products and the shares of various energies consumed in this industry (coal, coke, oil, natural gas and electricity). As noted in the figure, fossil fuels account for 87%, and electricity makes up only 13% of the total energy consumption. In terms of electricity, clean energies, such as hydropower, nuclear power, wind power and solar power, generate about 18% of China's electricity, but over 80% of electricity comes from coal [22] . The high rate of coal usage brings about a high level of CO2 emissions and severe environmental problems.
Non-Metallic Mineral Products Industry's Energy Intensity
Energy intensity is a measure of energy efficiency. It is usually calculated as units of energy consumed per unit of product in a nation or region. High energy intensity indicates a high cost of converting energy into products and vice versa. Energy intensity varies widely between nations and depends on the level of industrial infrastructure, the standard of living and energy efficiency. In this section, we use energy intensity data to see how changing energy forms influence the NMMPI's performance. Figure 5 illustrates the energy intensity of the NMMPI during 17 years (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . From 1994 to 2001, the gross value added (GVA) of NMMPI was increasing year by year, whereas the energy intensity decreased gradually. From 2002 to 2010, the energy intensity of the NMMPI in China was fluctuating, along with a significant rise of GVA. Compared to 1994, the energy consumption for one unit of GVA (one million RMB) in 2010 declined by 99%. Note: Energy intensity = energy consumed/GVA; energy intensity is calculated in constant price. 
Energy Intensity of Ceramic and Cement Sectors
Due to the widespread use of outdated production equipment, China's ceramic production is highly energy-consuming [21] . China's ceramic sector is of extremely low efficiency and demonstrates only 20%-50% of developed countries' efficiency. The cement sector is one of China's major sectors for high energy consumption. Figure 6 presents the cement sector's energy consumption for each unit of product in China as compared to Japan. From 1990 to 2008, China's full energy consumption for each unit of cement declined dramatically, but was still 23% higher than Japan in 2008. Figure 6 . Full energy consumption for each unit of cement in China and Japan [10, 26] . kgce, kilograms of coal equivalent.
Note: In the full energy consumption, the conversion coefficient for converting electricity to coal equivalent is based on gross coal consumption for fossil-fired power plants.
The central government of China has established norms of energy consumption for major industries, including the porcelain industry. The international advanced levels of energy intensity have been set as targets to improve the efficiency of energy. In order to meet these norms, over 50% of old-style kilns need to be replaced by more efficient kilns. The equipment upgrade in porcelain production is vital for achieving the targets of saving energy and sustainable industrial development.
Carbon Dioxide Emissions from Non-Metallic Mineral Production
Direct Carbon Dioxide Emissions
Carbon dioxide emissions typically include direct CO2 emissions and indirect CO2 emissions. Direct CO2 emissions mainly come from burning fossil fuels, such as coal, coke, crude oil, diesel oil, kerosene, fuel oil, gasoline and natural gas. Indirect CO2 emissions occur when there exists consumption of electricity or generation of electricity [27] .
In 2006, the Intergovernmental Panel on Climate Change (IPCC) recommended paying attention to the incomplete combustion of fossil fuels [28] . For kilns, however, this effect is negligible due to high combustion temperatures, long residence time in kilns and minimal residual carbon found in the clinker. Consequently, carbon in all kiln fuels is assumed to be fully oxidized. The amount of direct CO2 emissions from fossil fuel combustion can be estimated based on the quantity of fossil fuels consumed and the CO2 emission coefficients of various fuels:
where PEFC,j,y is the amount of CO2 emissions (metric ton/year) from fossil fuel combustion in process j during year y; FCi,j,y is the quantity of fuel type i (unit/year) combusted in process j during year y; COEFi,j is the CO2 emission coefficient of fuel type i (metric ton/unit) in year y; and i is the fuel type combusted in process j during year y. We apply the quantity of fossil fuels consumed in the NMMPI (see Figure 3 ) and the CO2 emission coefficients of eight fossil fuels [10, 28, 29] to estimate the amounts of CO2 emitted directly from the NMMPI in China for the period 1994-2010. The eight major fossil fuels include coal, coke crude oil gasoline, kerosene, diesel oil, fuel oil and natural gas. Figure 7 illustrates the NMMPI's total CO2 emissions and indirect CO2 emissions for the years 1994-2010. Note: Direct CO 2 emissions include process emissions from the non-metallic mineral products industry (NMMPI).
Indirect Carbon Dioxide Emissions
For the NMMPI, electricity accounts for only 13% of its total energy consumption (see Figure 4) . However, CO2 emissions that occur during the electricity generation process should be taken into account. These emissions are referred to as indirect CO2 emissions, which can be estimated by using the electricity consumption data and the CO2 emission coefficients (see Table 3 ). The emission coefficients of electricity (COEFe) are issued by the Climate Change Information Center (CCIC) [29] . According to the information provided by the IPCC [28] and CCIC [29] , the COEFe and the amount of CO2 emissions for year y (CEy) can be calculated by using Equations (2) and (3) below, respectively.
COEFe = CCR × CEF × NCV × CF
(2) In Equation (2), CCR denotes the coal consumption rate; CEF represents the carbon emission factor; NCV is the net calorific value; and CF is the conversion factor. In Equation (3), EC and STP are the amount of electricity consumption and shares of thermal power, respectively.
Carbon Dioxide Emissions from the Cement Sector
The cement sector is a major source of CO2 emissions, and 5% of global CO2 comes from cement production [30, 31] . Global cement production emitted approximately 829 million metric tons of CO2 in 2000 [32] . The high demand for cement has also resulted in the rapid development of China's cement industry. The cement output increased from 0.2 billion metric tons in 1990 to two billion metric tons in 2010 [2] , and CO2 emissions have also experienced a sharp rise within this period. In China, the producing process, fossil fuel consumption and electricity consumption for cement production contribute to a large proportion of the total CO2 emissions caused by cement production [33] . Table 3 . Electricity consumption (1994-2010) and related CO2 emission coefficients (COEFe) in the non-metallic mineral products industry [10, 34] . Other power includes hydropower, nuclear power, wind power, solar power and geothermal power.
Carbon Dioxide Emissions from Plate Glass, Ceramic Sectors and Refractories
The plate glass, ceramic and refractories sectors in the NMMPI are energy-intensive and high emissions sectors. The total amount of CO2 emissions from plate glass production was 22.57 million metric tons [35] . This figure was estimated by using the amount of diverse energy consumption and the corresponding CO2 emission coefficient [36] . Table 4 shows the outputs and energy consumption of the ceramic sector. The total CO2 emissions were approximately 95.37 million metric tons in 2007. The production of refractories is another major source of CO2 emission in the NMMPI, which generated about 55.19 million metric tons of CO2 in 2010 [37, 38] . Note: According to Xu [17] , the CO 2 emission coefficient for energy consumption is 2.7725 metric tons of CO 2 /mtce.
Discussions: Energy Saving and Emissions Reduction
As mentioned above, energy saving is considered as a necessary step for reducing the energy intensity of the NMMPI in China. The large amount of CO2 emissions from the NMMPI reflects both the market's and government's failures in environmental management. This section discusses some possible measures that are closely related to China's NMMPI and that play a vital role in energy saving and emissions reduction.
New Production Technologies and Processes
After the Copenhagen climate conference in 2009, the Chinese government has set an ambitious target: by 2020, the CO2 emissions per unit of GDP should be reduced by at least 40%, setting 2005 as the base year [40] . Hence, retrofitting facilities and using new production technologies in the NMMPI is imperative. For instance, the cement sector has started to adopt more efficient technologies, like using an advanced dry-processing method (DPM) to replace inefficient processing methods. Since 2003, the cement production using the DPM has begun to expand and experienced a continuous increase. The proportion of production using the DPM has risen to over 85% by 2011 [17, 41] . The average integrated energy intensity of producing cement was declining year by year [14] . For the coal intensity of cement production, it declined from 150 kgce per metric ton in 2001 to 126 kgce per metric ton in 2007. Furthermore, there was a large amount of inefficient production capacity phased out. By the end of 2008, nearly 120 million metric tons of production capacity using outdated technologies had been phased out by technical retrofitting. This saved nearly 3.7 million metric tons of standard coal and reduced CO2 emissions by 9.59 million metric tons [41] .
Cogeneration Technology
China has made appreciable advances in cogeneration technology over the past few decades. In China, low-temperature waste heat technology has been widely used to generate power in the NMMPI. The low-temperature waste heat power generation is characterized by using the low-temperature gas emitted from cement pre-calcination kilns and cooling machines to produce power. Low-temperature waste heat is clean power and has played a crucial role in reducing CO2 in the NMMPI, particularly in the cement sector. In 2008, China's cement sector had 263 dry-processing production lines installed with low-temperature waste heat power generation devices, accounting for 45% of the total production lines. The total electricity capacity is about 1662 megawatts (MW). The low-temperature waste heat in the cement sector generated 7.1 billion kilowatt-hours (kWh) of electricity. In other words, it eliminated 6.65 million metric tons of CO2 emissions [41] .
Introducing New Products for Carbon Dioxide Emissions Reduction
In China, a high proportion of cement is produced in large-scale and state-owned plants, which are mostly near limestone quarries or other raw carbonate mineral sources, as they supply raw materials used in the cement production processes. CO2 is emitted during the production of clinker, a component of cement, in which calcium carbonate (CaCO3) is heated in a rotary kiln to induce a series of chemical reactions [12, 42] . Specifically, CO2 is released as a by-product during the calcination, which occurs in the upper end of the kiln, namely the pre-calciner, at temperatures from 600 to 900 °C. It results in the conversion of carbonates to oxides [43] . The simplified chemical reaction is as follows:
In the lower end of the kiln, with a higher temperature, the lime (CaO) reacts with silica, aluminium and iron-containing materials to produce minerals in the clinker, which is an intermediate product of cement manufacturing. The clinker is then removed from the kiln to cool down and ground into a fine powder. The powder is mixed with a small fraction (5%) of gypsum to create the most common type of cement, known as Portland cement. Masonry cement is the second most common cement. Since Masonry cement requires more lime than Portland cement, the production of masonry cement generally results in extra CO2.
Around 40 years ago, China began to develop sulphur aluminate cement with less CaO. This type of cement is produced by grinding cement clinker. The clinker is usually obtained through roasting suitable raw materials that consist essentially of anhydrous calcium sulphoaluminate and dicalcium silicate. Suitable gypsum with less than 10% of limestone is blended with the clinker during the manufacturing of rapid-hardening sulphoaluminate cement. The product is a hydraulic binding material and a high-strength cement. The CaO in sulphur aluminate cement clinker is 40% lower than the Portland cement clinker. Thus, using the sulphur aluminate cement instead of Portland cement could significantly reduce the emission of CO2.
Economic Adjustment and Industrial Transformation
In recent years, China's NMMPI has faced increasing challenges. On the one hand, the comparative advantage owing to China's low-labour costs has been diminishing. On the other hand, because of the unfavourable international economic situation and high domestic production costs, manufacturing sectors are likely to shrink in China [44] . To address these issues, China has to place its economic emphasis away from relying on labour-intensive products (e.g., non-metallic mineral products). Nevertheless, the industrial transformation from labour-intensive industries to capital-intensive and technology-intensive industries is usually a time-consuming process. The technology-intensive, capital-intensive and labour-intensive industries have to coexist for a long period to foster China's current economic growth. Hence, the non-metallic mineral production, as well as its energy consumption and CO2 emission would experience a gradual decrease, due to economic adjustment and industrial transformation in the foreseeable future.
Policies Influence on Energy Efficiency Improvement and Emissions Reduction
There are a few newly issued policies that influence the NMMPI's energy efficiency and emissions reduction. However, contradictions exist among them. On the one hand, targets for emissions reduction and energy consumption along with housing policy will decrease the energy consumption, as well as CO2 emissions in the NMMPI; on the other hand, the central government's "cooling the overheated economy" policy would not reduce CO2 emission, but rather slow the improvement of energy efficiency in this industry.
"Cooling the Overheated Economy" Policy
In the last few years, China's economy was damaged by speculative bubbles and high inflation, which were caused by excessive investment. Consequently, the central bank of China took measures to prevent economic overheating. For instance, from 2010 to 2011, the central bank raised the legal deposit reserve rate by more than ten times. Given that deposit reserve plays a vital role in the financial market, raising the deposit reserve rate is useful to control the overheated investment. Thus, investment in some fields, including the investment in retrofitting outdated facilities and introducing new technologies in the NMMPI, can be significantly limited because of the comparatively high costs of investment. Besides the deposit reserve policy, the Chinese government has taken a series of regulations to control consumers' transaction behaviours in the real estate market and to cool the construction sector since 2010. Given that most construction materials come from the NMMPI, a weak construction sector would lead to a significant slowdown in the NMMPI's growth along with a remarkable reduction in CO2 emissions.
Targets for Emissions Reduction and Energy Consumption
It is stipulated in the 12th Five-Year Plan (2011-2015) for Chinese Economic and Social Development that by 2015, non-fossil energy will rise to over 11% of China's total primary energy consumption. Energy consumption for each unit of product should drop by 16% from 2010. Similarly, the CO2 emission for each unit of product should decline by 17%. The Chinese central government has made a further commitment: by 2020, the CO2 emission for each unit of product should be 40%-45% lower than in 2005, and non-fossil energy will account for over 15% of the total primary energy consumption. The NMMPI association and provincial governments also have adopted similar targets, as have other industrial associations. These targets can make the enterprises reduce CO2 emissions and energy consumption markedly.
Conclusions and Recommendations
China's NMMPI is an energy-intensive and high CO2-emitting sector. Its rapid growth has led to continuous dependence on fossil fuels and raised environmental concerns. The present study focuses on the manufacturing of non-metallic mineral products and examines energy consumption and CO2 emissions in this sector in China. It shows that the energy consumption and CO2 emissions have been growing at an alarming rate, and energy consumption is excessively dependent on coal. Hence, how to achieve China's energy efficiency improvement and CO2 emission reduction targets has become an issue open to debate. Although China is diversifying its energy mix to decrease its reliance on low-efficiency and high CO2-emitting energies, upgrading production facilities and adopting more efficient technologies is of paramount importance. In addition, the current study makes a few policy recommendations:
 All of the non-metallic mineral production capacity that does not meet the newly issued norms of energy consumption should be phased out by 2020. The construction of new production capacity can drive the economy to grow quicker. The norms for building new production facilities have to be set by referring to the international advanced standards. This is vital for energy efficiency improvement.  Due to the relatively high cost of transporting cement or other high-density products and the wide distribution of limestone, many small plants using outdated technologies near raw materials sources are still in operation. Given that most raw materials sources are mostly located in China's less developed areas, governments provide these plants technical and financial support, which ensures sustainable economic development and helps alleviate environmental issues here.  In the NMMPI, controlling total energy consumption and energy intensity is another key step towards improving energy efficiency. Governments could implement market-based policies to provide incentives to producers. These public policies include subsidies for environment-friendly products and more efficient facilities, taxes on extra CO2 emissions and tradable emission permits.  China needs international cooperation in applying renewable energies and pollution control to achieve environmental protection targets. The cooperation among different states, governments, research institutes and companies can be realized by crafting technology partnerships and developing environmental protection demonstration projects in the NMMPI. Such activities are essential to capitalize on mutual strengths and to provide an avenue for the commercialization of clean technology projects, which is still at the primary stage in China.
